not present in its elemental state. It is placed Gr.V and Pr.4 of the periodic table. The metallic form of arsenic with zero valency does not exerts adverse effects. In natural water, soluble arsenic occurs in the form of arsenate (As-V) and arsenite (As-III) in two different state of which arsenite (As-III) is toxic in natural environment. The source of arsenic in ground water is mostly due to the leaching of geological materials, minerals precipitation, and dissolution of unstable arsenic minerals, pesticides and fertilizers Apart from the above sources, it is also released into the environment through burning fossil fuels, cement manufacturing and mining activities [1] [2] [3] [4] [5] [6] .
Some authors have suggested that the reduction dissolution of Fe-oxyhydroxide (FeOOH) is the dominant mechanism for the contamination of arsenic into ground water. Probable path for the arsenic contamination is due to the reduction of FeOOH and that the process is driven by the breakdown of natural organic matter present in the strata. Due to the toxicity nature of arsenic, World Health Organisation (WHO) has been allowed 0.05 mg/L of arsenic in drinking water. More than this, its presence causes various health problems like cardiovascular problem, gastrointestinal, haematological effects, dermal effects etc. Apart from this, elevated arsenic incidence is observed as pockets. Arsenius skin lesion like thickening of skin, white and black spots etc were noticed among the people of various countries in Asia and South America. Long term ingestion of arsenic with drinking water causes hyper-pigmentation, melanosis, gangrene in limbs, hyper-keratosis on the palms of the hands and soles of the feet, black foot disease, and bone marrow depression. Arsenic is also toxic to the liver and it causes cirrhosis.
From the environmental point of view, the removal of arsenic from natural water, process solution and effluents is an important task to the concern people. Many reported methods have been conventionally employed for the determination and removal of arsenic from natural water samples. Some examples are polarographic speciation, atomic absorption spectrometry (AAS), hydride generatively coupled plasma atomic emission spectrometry (HG-ICP-AES), and capillary electrophoresis inductively coupled plasma mass spectroscopy (E-ICP-MS), electrothermal atomic absorption spectrometry (ETAAS), cathodic stripping voltammetry, anodic stripping voltammetry, neutron activation analysis, ionselective electrodes and energy dispersive X-ray fluorescence spectrometry [7] [8] [9] [10] [11] [12] .
Apart from this, few new instrumental methods have been developed to remove arsenic from ground water such as: Arsenic Removal plant Fitted with Hand Pump, BCSIR Filter Unit, Bucket Treatment Unit, Activated Alumina Unit and Iron Coated Alumina [13] [14] [15] [16] [17] . Recently, literature survey shows that spectrophotometric determination of arsenic has been used as an alternative for the determination of arsenic instead of conventional methods. Hexamethylene ammonium hexaethyldithiocarbamate, ammonium pyrolinedithiocarbamate (APDC), sodium diethyldithiocarbamate (NaDDC), silver diethylthiocarbamate, azure-B and naphthalene-methyltrioctyl ammonium chloride etc. are chelating agents which are used for the extractive determination of arsenic [18] [19] [20] [21] [22] [23] [24] . Among the above chelating agents sulphur donor atom containing chelating agents have great affinity for the complexation with arsenic and this encourage us to make sulphur containing another chelating agent for the extraction of arsenic from natural water.
In the present work, a new chelating agent i.e. thiophene-2-carboxaldehyde thiosemi carbazone has been found good application for the removal of arsenic from drinking water.
In the present investigation, the chelating agent is incorporated with alumina as matrix for the micro level determination of arsenic from DMF medium. The new method based on solid phase spectrophotometric (SPS) for the determination of arsenic complexed with thiophene-2-carboxaldehyde thiosemicarbazone.
Different optimum parameters are optimized such as pH, effects of temperature, concentration of metal ions, effects of diverse ions and elution studies etc by this method. It is simple, sensitive, economical and reliable spectrophotometric method than other reported methods for arsenic determination.
MATERIALS AND METHODS

Instruments
A Shimadzu spectrophotometer (UV-1800) was used for recording all absorbance measurements. The pH measurements were carried out by a labtronic pH meter equipped with a combined glass-calomel electrode. A mechanical shaker (BOD-incubator, YONA Mfg., Indian Instruments Manufacturing Co., Kol-12) was used throughout the investigation.
Reagents and Solutions
All the reagents used were of analytical grade from E. Merck, Germany and other metal salts from BDH, India were also of analytical grade. Thiosemicarbazide and thiophene-2-carboxaldehyde (Sigma and Aldrich) were used for the complexation. A standard stock of 0.01M solution of arsenic (III) was prepared by dissolving appropriate amount of pure grade chemicals in double distilled deionised water. The working solutions were prepared by diluting appropriate volumes of stock solution in distilled water. For analytical application of the proposed method drinking water samples were collected in five different tube wells of Kaliachak situated in the district of Malda, West Bengal, India which is arsenic polluted area. Plastic bottles of 200 ml capacity were used for sample collection which were cleaned by soap and followed by washing in conc. HNO 3 . Before collection of sample, 0.5 ml of conc. H 2 SO 4 solution was added in each plastic bottle because it preserves sample solutions for ~ 100 days.
Synthesis of the ligand
The Chelating ligand thiophene-2-carboxaldehyde thiosemicarbazone was synthesised by distillation of a mixture of thiosemicarbazide (1 mmol) and thiophene-2-carboxaldehyde (1 mmol) in acetic acid solution at 50 0 C. The reaction mixture was stirred for another 30 minutes at 50 0 C. The yield of the reaction mixture was washed with water and ethanol and finally recrystallised from hot ethanol gives greenish yellow crystalline compound.
Preparation of sorbent matrix
Air dried of 1.0 g thiophene-2-carboxaldehyde thiosemicarbazone was impregnated with 3.0 g of alumina at the ratio of 1:2 in DMF in the presence of sodium carbonate. The mixture solution was stirred for 1 hour at room temperature. The resulting homogeneous composition was left in an oven at 60 0 c for one day. Finally, the sorbent matrix was ground into powder and preserved for further used.
Analytical procedure
For the batch method of extraction 300 mg of sorbents matrix were taken in each 100 ml flask with 20 ml of 0.1 mg/L of As (III) and 1 ml of DMF was added in each sets and the pH of the solutions mixture was adjusted to 3.5 by using dil. HCl and dil. NaOH solutions. The mixture of the sorbent matrix and As (III) solutions were shaken by a mechanical shaker at about 400-500 rpm at room temperature for 30 minutes. A reagent blank solution was prepared in the same procedure as mixture solution in absence of arsenic and the absorbance of the sample solution was measured against the blank at λ max 281 nm. The amount of As (III) absorbed on the sorbent materials was calculated by standard calibration curve. The standard solutions of arsenic were prepared in the range of 0.1-1.0 mg/L.
RESULTS AND DISCUSSIONS
The impregnated reagent was used for the spectrophotometric method for determination of As (III). The As (III) ion forms coloured complex with the chelating agent which is stable. The quantitative extraction of As (III) was carried out at pH 3.5 and all the absorbance measurements were measured at λ max 281 nm [ Fig.1 
Effect of pH on sorption of As (III)
For the quantitative recovery of As (III) by solid phase spectrophotometric (SPS) method pH is a key factor. The effect of pH on the absorbance of As (III)-complex was investigated. This result showed that the absorbance maximum was at pH 3.5. The quantitative extraction (> 95 %) found at pH 3.5. Hence, pH 3.5 was considered for the further studies. The results are shown in [Fig.2] .
Influence of temperature
The influence of temperature on the absorbance of As (III)-tctsc was investigated in the temperature range of 20-60 0 C at pH 3.5. The maximum and stable absorbance was found at 35 0 C which predicting the optimum temperature for the complexation. Hence, for the extraction of As (III) by tctsc chelating agent the temperature 35 0 was chosen for further investigation which was shown in [Fig.3 ].
Effect of reagent (tctsc) concentration
The effect of the reagent concentration impregnated with alumina was investigated in the range of 0.1-1.0 mg. The results showed that extraction of As (III) increases on the addition of the reagent. It was found that quantitative extraction (> 90 %) at 0.5 mg. But beyond this range of the reagent concentration does not influence on the extraction of As (III).
Effect of As (III) ion concentration
At a fixed amount of tctsc concentration (0.5) the percentage extraction of As (III) was studied in the range of 0.1-1.0 mg/L at pH 3.5. It can be seen [ Table 2 ] that over 80 % of As (III) was extracted in the above series of solutions range.
The Stoichiometry of As (III)-tctsc complex
The stoichiometry of As-tctsc complex was determined by Mole-Ratio method and Job's method of continuous variation at fixed absorbance λ max 281 nm.
Mole-Ratio method.
The extraction of arsenic was carried out in the range of 0.1-1.0 mg of the reagent concentration. The nature of the curve was straight line from the origin and then it becomes horizontal for further addition of the reagent which predicting .
Effect of foreign ions
As evident from [ Table 3 ], in the solid phase spectrophotometric determination of arsenic, the presence of macro amounts of foreign ions of first transition series did not interfere in this sorption process. Only phosphate and vanadate interfere to some extent. So, the determination of arsenic was possible from the binary mixture of some transition, alkali and alkaline earth metal ions.
Effects of eluting agents on desorption of As (III)
For quantitative recovery of As (III), selection of a suitable eluating agent is one of the important factors. But absorption of As (III) took place at low pH helps us to select acidic eluating agent like HCl, HNO 3 , oxalic acid and CH 3 COOH. Finally, it can be seen from [ Table 4 ] that quantitative recovery of As (III) was found by using 1M HCl. The quantitative recovery was investigated by using 5 ml, 10 ml, 15 ml and 20 ml of 1M HCl for As (III).
Analytical Application
The application of the proposed method at optimum condition was applied for the determination of arsenic in drinking water samples which were collected in five different tube wells of Kaliachak situated in the district of Malda, West Bengal, India which is an arsenic polluted area. The drinking water samples were filtered through 0.45 ìm pore size Millipore membrane filter and then shaked with sorbent matrix after adjusting the pH 3.5. The results summarised in [ Table 5 ] and EDTA was used to remove the interferences. The results obtained by the proposed method for the determination of arsenic were about >90 %. So, the proposed method is very selective for separation of arsenic in different water samples.
CONCLUSION
The proposed method is a selective, accurate and sensitive for the determination of arsenic based on complexation due to the presence of soft base sulphur donor sites. The suggested method could be used for rapid determination of As (III) in drinking water samples. The wide applicability and simplicity of the proposed method make it different from other existing methods. It is evident in the proposed method that thiophene-2-carboxaldehyde thiosemicarbazone (tctsc) is most sensitive for the spectrophotometric determination of arsenic.
